INTRODUCTION
One of the most important applications of anticorrosive coatings is the protection of structural components of conventional power generating plants. In particular, nickelchromium based coatings have been used at the Instituto de Investigaciones E1ectricas in Mexico for their application in boiler tubes and turbine blades of power plants [1] . However, there are not well-established NDE methods to characterize the bonding between the metal base and the coating. This is a crucial point for the adecuate performance of the coatings, specially when they are applied on turbine blades to prevent mechanical wear of this kind of components [2] .
In this work, results for the search of a nondestructive ultrasonic method of coating bonding characterization are presented. Ultrasonic imaging techniques are used in these preliminary experiments, which include C-scan of the samples and B-scan using surface waves. In addition, spectral analysis techniques of the backscattered signals are also used to determine bonding condition.
SAMPLE PREPARATION
Samples were made of rectangular sections of carbon steel plate of 40 mm x 50 mm size which were covered with a single layer of anticorrosive coating. The chemical composition of the coating was 20% Cr and 80% Ni nominal. However, the actual composition was 20%Cr, l.5%Si and 78.5% Ni determined by atomic absortion analysis.
The coating thickness was approximately I mm and it was deposited on the metal base using a high velocity thermal-spray gun. The preparation of the steel samples prior to the application of the coating consisted of degreasing the metal base surface with acetone and sandblasting, in order to obtain a rough surface necessary for improving the bonding between the coating and the metal base. After sandblasting, the samples were again cleaned with acetone to remove any residue of dust that could affect the application of the coating. With the purpose of introducing an area with a deficient bonding, part of the surface of the steel coupons was painted with a permanent ink marker immediately before applying the coating. This was enough to provoque a lack of adhesion in the painted area, respect to the non-painted area of the sample. Special geometries were given to the affected areas so identification of the lack of bonding was facilitated; the first sample has a circle of approximately 20 mm in diameter in the center while a second sample has a section with a cross-like figure with dimensions similar to the ones of the coupon and approximately 10 mm in thickness.
EXPERIMENT A TIONIDISCUSSION
The first set of experiments performed on the samples was a regular C-scan with a 25 MHz transducer focused at the surface of the sample (37 mm). In the C-scan, the ultrasonic amplitude reflected from the interface between the coating and the base metal was measured in different points over the sample, and then translated into a false color image.The samples were scanned with a resolution of 0.1 mm in both directions and the results of this process are shown in figure 1.
The C-scan images reveal the geometry of the areas with a deficient bonding between the coating and the base metal. The value of the reflected amplitude in the painted area is on the order of 70% percent, while the amplitude reflected on the regularly prepared area is approximately 45% of the incident amplitude. The differences in reflected amplitude suggest a difference in bonding between the coating and the base metal; the non-painted area presents a better bonding than the painted one, therefore it allows more energy from the incident ultrasonic wave to be transmitted to the base metal. These results could be used to establish a rough parameter that could be helpful in the implementation of pass/no pass criteria for the NDT of solid-solid bonds, as it has been already done in the case of copper-copper brazing in hydroelectric power stations [3] .
The next experiment consisted in propagate surface waves along the coated surface of one of the samples, in order to observe if some of the propagation parameters of the waves were affected by the bonding conditions. For this purpose the sample with the circle "painted" in the middle was chosen since it will present propagation paths for the waves through weak-bonded and well-bonded areas. The surface waves were excited using a S :MHz central frequency transducer with a focal distance of ISO mm, which produced a focal spot of I mm in diameter. The velocity of the surface wave was determined to be 3088 mmlms. Surface wave signals were recorded every O.S mm across a section of30mm of the sample and the results are shown in figure 2.
It is clear that when the surface wave propagates across the weak-bonded section of the sample the amplitude drops to zero. According to previous research in this matter, the surface mode when propagating along a weak-or completely mis-bonded section becomes a Lamb mode, therefore the analysis of this situation requires of a theoretical tool, which allows the prediction of velocities and amplitudes of surface and Lamb modes for different bonding conditions. This tool is currently under development and it will be available soon for further research in this problem [4] . Nevertheless, the loss of amplitude of the surface mode can be taken as an indication of the loose bonding between the protective layer and the base metal. Another interesting effect is noted in the velocity of the surface wave; due to the differences in thickness of the coating, which is slightly thinner in the extremes of the sample. A B-scan of the surface waves, shown in figure 3 , shows a shift in phase precisely in those areas. This effect is somehow expected since the density of the coating is smaller than the density of the metal base, which causes the surface velocity to drop with the thickness of the coating [5] .
Finally, the back scattered signal was recorded and analyzed in the frequency domain in search for information that could be used to distinguish between the different bonding conditions. FFT of the backscattered signals was taken at seven different positions of the sample. The results are shown in figure 4 .
The power spectrum of the backscattered signal in the good-bonded area shows the energy distributed mainly in two peaks, one centered at 5 MHz and another at 6 MHz. As the scanning moves from a good-bonding to a weak bonding zone, the amplitude of the first peak decreases while the amplitude of the second one increases. The signal taken at the middle of the sample, in the center of the weak-bonding area, shows practically only one peak centered at 6 MHz, and finally as the scan moves to the other extreme of the sample, towards a good-bonding area, the first peak appears again. As in the case of the amplitude analysis of the surface wave, there is a clear indication that the power spectrum shows the effect of the lack of bonding. There is no explanation yet of the changes in the power spectrum, here again a theoretical tool is necesary to generate predictions and compare them to the experimental results.
CONCLUSIONS AND FUTURE WORK
Although qualitatively, the results obtained using different techniques as ultrasonic imaging, amplitude analysis of the surface wave, and back scattered signal spectroscopy show clear evidence of the possibilities to detect bonding differences between the anticorrosive layer and the metal base. However, further studies are necessary to establish a good correlation between the experimental mesurements and different degrees of bonding. In particular, it is important to elaborate more bonding-controlled samples and investigate how the experimental mesurements are affected by other characteristics of the coating such as surface condition, thickness and porosity, and separate their effects from those caused by the degree of bonding.
